Introduction
During the last decade, two emerging pathogens, the protozoan parasites Trypanosoma cruzi and Plasmodium spp., the causative organisms of the Chagas disease (CD) and malaria have become a major focus in the blood transfusion community. Trypanosoma cruzi infections are most commonly transmitted by infected faeces after the bite of blood-sucking triatomine bugs Rhodnius prolixus and Triatoma infestans [1] . CD is widely distributed on the American continent, especially in Latin America, where it is estimated that 25 million people live in risk areas. Worldwide 8-10 million individuals are suspected to be infected, with the majority living in Latin America [2] . Every year >40,000 new CD infections are registered worldwide. For many years CD was restricted geographically to Latin America but due to the increased migratory flow of millions of individuals during recent decades the traditional epidemiological pattern of CD has dramatically changed. Congenital as well as transfusion-related CD cases were reported in many European countries where effective control measures and preparedness plans
were not yet established [3, 4] . A recent comprehensive estimation of affected European populations reported that between 14,000 and 180,000 individuals are infected with T. cruzi [5] . The average prevalence of T. cruzi infections in Europe is 35 cases per 100,000 inhabitants; however, a great variation is observed between countries. Whereas in Eastern Europe it is practicably unknown, in Spain 307 cases per 100,000 inhabitants were reported. Piron and co-workers [3] estimated that between 39,985 and 65,258 individuals living in Spain, but of Latin American origin, are infected with T. cruzi. In Italy, Sweden, Portugal and Switzerland, the average number of CD cases per 100,000 inhabitants lies between 25 and 28 [5] .
After the initial infection, a life-long chronic persistence of the parasite is often established, with detectable antibody and intermittent parasitaemia. Up to 30% of infected individuals will develop chronic CD affecting the smooth muscle of the heart or their gastrointestinal tract 20-30 years post infection.
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Summary
Background: Population migrations and overseas recreational travel to regions at risk for tropical diseases are increasing. A major challenge in non-endemic countries is to decrease the number of blood donor deferrals due those tropical disease pathogens, without compromising the high level of blood safety. The protozoans Trypanosoma cruzi and Plasmodium spp., the causative organisms of Chagas disease (CD) and malaria are becoming a major focus in the blood transfusion community. Methods: National guidelines of the Blood Transfusion Service of the Swiss Red Cross propose an algorithm for dealing with these pathogens, including a mandatory selective serological testing of donors at risk. Results: 6,978 donors at risk for CD were tested. Three of them were confirmed anti-T. cruzi-positive, and in one case a transfusion-transmitted infection was highly possible. The specificity of the assay was 99.94%. For malaria 12,887 donors were at risk and 178 were confirmed positive. The specificity of the assays was 92.8%. Conclusion: CD and malaria in non-endemic countries may represent a certain risk for blood transfusion. Switzerland chose a selective testing approach. The specificity of the assays is a crucial topic for this approach because it ensures a minimal loss of false-reactive donors and helps towards an easier counselling of implicated donors.
The probability of transfusion-transmitted T. cruzi infections depends on many factors. These include: i) the amount of blood transfused, ii) the infectivity of the parasite contaminating the blood component, iii) the parasite strain, iv) the level of parasitaemia at the time of donation, v) the immune status of the recipient and vi) the efficiency of the screening assay used [6, 7] . Several transfusion-transmitted CD cases have been observed since 1952 [8] . During the last decades between 300 and 800 cases are estimated [9, 10] . As a consequence of this estimation, many countries established successful T. cruzi antibody blood-screening programmes, and these have helped to reduce the occurrence of transfusion-transmitted T. cruzi infections.
The relevance of transfusion as a route of T. cruzi transmission is due to the existence of an asymptomatic but parasitaemic chronic phase of the disease as well as the CD prevalence in various populations. Blood transmission of T. cruzi may occur primarily because potential blood donors are frequently unaware of their infection status [11] . A chronic asymptomatic carrier state in conjunction with an asymptomatic or non-specific clinical infection course in recipients of T. cruzi-infected blood results in transfusion-transmission cases being undetected and thus unreported. Transfusion-based T. cruzi infections are already a major route of transmission in many non-endemic countries, with several cases reported recently in USA, Canada, Spain and Mexico [3, 4, 12] . It is estimated that on average 20% (range 0-40%) of the transfusion recipients of parasitaemic blood became infected [13] [14] [15] . All of these cases involved either pooled or apheresis platelet concentrates (PCs). Irradiation or leucocyte reduction procedures appear not to provide much protection against these pathogens. A chronic phase low-level parasitaemia is observed in 50% of those individuals infected [16] . There is often less than one trypanosome circulating in 20 ml of peripheral whole blood in chronically infected individuals. This extremely low level of parasitaemia makes even individual NAT strategies insufficient to prevent T. cruzi infections from chronically infected blood donors [9] . Thus direct methods to detect the parasite are not advised. T. cruzi antibodies on the other hand appear 4-8 weeks post infection and persist unless the parasite is eradicated [11] . Serological testing is thus the method of choice to detect T. cruzi-infected blood donations in non-endemic countries.
Governmental health policies to prevent transfusion of T. cruziinfected blood components vary for endemic and non-endemic countries. In endemic countries all donations should be analysed for T. cruzi antibodies [6] . In countries where the number of infectious donors is substantially lower several different strategies are envisaged such as i) a permanent deferral of at-risk donors, ii) a universal donor screening, iii) selective one-time donor screening or iv) selective donor screening including analysis of a special donor questionnaire [17] . The most common strategy established is selective testing, and this is already implemented in several nonendemic countries [18, 19] .
The use of a specific questionnaire to detect at-risk donations is surprisingly effective as was demonstrated by investigations conducted in Canada [20] . The effectiveness of a selective testing approach however does rely mainly upon the ability and the willingness of the donor to correctly answer questions of suspected risk situations. In a study conducted in the USA only 75% of the infected donors were identified via the questionnaire [12] . Thus although 100% safety will never be achieved, performing a selective testing in parallel with a specific questionnaire should detect the majority of infections.
Currently 35,000 registered inhabitants of Switzerland originate from a T. cruzi-endemic region in Latin America, and this figure increases when also unregistered migrants are included. During a routine serological screen of Swiss blood donors conducted in 2009 for malaria, an initial anti-Plasmodium spp.-reactive enzyme immunoassay (EIA) sample turned out to be anti-T. cruzi EIA-positive after further investigations. It was from a repeat donor who originated from Colombia and had previously given 3 donations. Post-donation samples could only be collected from 1 patient, but this was serologically T. cruzi-negative. A pilot EIA study performed among 1,012 Latin American migrants living in Geneva showed that CD is highly prevalent among these individuals, especially in those from Bolivia. Overall 12.8% were anti-T. cruzi-positive, with 26.2% in the Bolivian subpopulation. All positive individuals were in a chronic phase of the infection. This study also highlighted that these individuals were considering donating blood [21] . Based on this observation, a voluntary T. cruzi EIA screening study was conducted on some at-risk donors in two regions of Switzerland. Based on the results of these studies, the Blood Transfusion Service of the Swiss Red Cross decided in January 2013 to introduce T. cruzi-selective testing as mandatory for donors being at risk for T. cruzi infection [22] .
Malaria, a protozoan parasitic infection of humans, is occasionally a fatal disease. The infection is caused by one or more of the five species of the genus Plasmodium (P. falciparum, P. vivax, P. ovale, P. malariae, P. knowlesi) [23] . The malaria parasite is most commonly transmitted by bites from infected Anopheles mosquitoes. Worldwide, it is estimated there are approximately 207 million acute cases of malaria every year, with 80% or more occurring in Africa [24] . Each year, >1 million people die from malaria [25, 26] .
Malaria can also be transmitted by blood components and transfusion-transmitted malaria cases (TTM), although rare, continue to pose a risk to blood services worldwide [27] . Several of the most recently reported TTM cases result from 'semi-immune' donors who carry undetectable levels of parasites in their blood without clinical symptoms [28] [29] [30] [31] [32] . TTM is an important clinical and public health problem, especially in populations with no immunity to malaria where it can be rapidly fatal if not recognised and quickly treated [33] . P. falciparum infection in non-immune individuals was reported to be fatal in up to 10% of patients infected [34] . Malaria poses a problem in many European countries where a considerable proportion of the blood transfusion recipients are immunocompromised. Furthermore, increasing numbers of potential donors have a background from a malaria-endemic area.
According to the current European regulations, it is mandatory that donors who present with risk of malaria are deferred for 6 months to 3 years, depending on the severity of their exposure risk [32, [35] [36] [37] . This policy has been very successful as no or only very few TTM infections have been detected since then. The USA and Canada rely solely on a deferral strategy to prevent recipients from possible TTM [38, 39] . Other countries, including Norway and Spain, have a deferral strategy supplemented with selective serological testing to reduce the deferral time or to accept new donors [36] . In summary, the consensus of the different strategies is to defer donors for long enough after their travel to, or residence in, a malaria-endemic region to allow them to develop symptoms or resolve their infection [36] . Shorter deferral periods are allowed if the donors are screened serologically.
On average 200 cases of imported malaria infections are diagnosed in Switzerland every year. The majority of these cases originated in Africa (75%), followed by Asia and America (www.bag. admin.ch/themen/medizin/00682/00684/01086/index.html?lang = de). Since 2013, however, there has been a great increase in the number of notified malaria cases. In 2014 and 2015, 303 and 428 cases respectively were reported ( fig. 1 ). Up to 2013, the incidence of imported malaria cases in Switzerland was similar to that observed in other European countries, Australia and Canada [19] . The increase observed in Switzerland since 2014 has not been noticed in other countries ( fig. 2) . Selective anti-Plasmodium spp. testing was introduced in April 2007 in Switzerland for those donors directly originating from or who had stayed longer than 6 months in a malaria-endemic region ( fig. 4 ). There have only been rare cases of TTM cases reported in Switzerland, but TTM is still regarded a serious concern for the reasons mentioned previously. The last fatal Swiss TTM case was reported in 1999, several years before regulated screening programmes were implemented [28] .
The selective testing data collected for the Swiss blood donor population at risk are reported for both parasitic diseases CD and malaria.
Material and Methods
The national guidelines of BTS SRC drew up an algorithm for dealing with donors at risk for CD. This is presented schematically in figure 4 . Testing for T. cruzi antibodies with an EIA or immunofluorescence (IF) test is mandatory for those donors i) directly originating from South or Central America, ii) whose mothers originated from these countries and iii) who have travelled during 6 months in a CD-endemic country. These donors were tested with the Chagas CMIA test system (Abbott, Delkenheim, Germany). Initially reactive screening samples were confirmed with an ELISA and IF antibody test in-house assay (P. falciparum antigens or culture) at the Swiss Tropical and Public Health Institute. Figure 3 schematically describes the algorithm proposed by the BTS SRC for dealing with donors at risk for malaria. In Switzerland, donors traveling to regions at risk for malaria are deferred from donating blood for 6 months after their return. Those donors suffering from a fever of unknown origin or other clinical symptoms, those who had positive malaria anamnesis or those who were born or stayed longer than 6 month in a region at risk for malaria are only allowed to donate blood under the prerequisite that they have tested negative for Plasmodium spp. antibodies after a period 4 months after their return. These donors are actually screened with an EIA malaria test (Biorad, Cressier, Switzerland). Before December 2011, it was an in-house assay from the Institute of Parasitology, Zurich). Both assays detect antibodies which appear at all stages of infection and against all four species known to cause human malaria -P. falciparum, P. vivax, P. ovale and P. malariae -but no distinction can be made between the species. A special post-donation questionnaire was used to collect additional information, including age, sex, and length of stay in region at risk, prophylaxis, symptoms, diagnosis and possible treatment from donors with confirmed positive malaria antibodies.
Results

Chagas Disease
Between March 2011 and December 2012, around 650,000 blood donations were collected in Switzerland. In a pilot project approximately 50,000 of the donors were asked if they had a risk of CD, and those who gave a positive reply were tested with an anti-T. cruzi EIA. In total 729 donors were tested, but all were negative for T. cruzi antibodies. A mandatory, selective anti-T. cruzi testing algorithm was introduced in January 2013 for all donors at risk for CD. Between January 2013 and December 2015, approximately 1.1 million individuals donated blood in Switzerland. From these donors, 6,978 (0.63%) were designated at risk for CD and tested for T. cruzi. The vast majority were negative for T. cruzi antibodies. Three of the 6,978 donors were confirmed positive for CD, a further 3 turned out to be false-reactive, and 1 donor was screening indeterminate but negative in confirmation. The specificity of the assays was 99.94%. The overall frequency of T. cruzi antibodies for donors at risk for CD was 1: 2,326, including donations collected during the pilot phase. From a selection of those donors at risk for CD, a questionnaire relating to their risk behaviour was evaluated. Of the total 1,639 donors assessed, 649 (39.6%) were born and grew up in an affected region, 485 (29.6%) had mothers originating from at-risk areas, and 505 (30.8%) had travelled longer than 6 months in South and/ or Central America.
Look-back procedures were initiated for the 3 T. cruzi-positive donors. The first was a 32-year-old male first-time donor who had lived several years in South America. The blood components were destroyed, thus no look-back procedure was initiated. The two other implicated donors were repeat donors. One male donor who was born in 1950 and grew up in Bolivia had donated 3 times. From his first two donations 2 red blood cell (RBC) concentrates were transfused to different patients. The plasmas were sent for fractionation. Only 1 of the 2 recipients of the these RBC concentrates was eligible for a blood drawing. His post-transfusion sample was negative for T. cruzi antibodies. The second repeat donor, originated from Brazil, had immigrated to Switzerland in 1973 and had donated 54 times since 1995 [40, 41] . From these donations 77 blood components were produced including 22 RBC concentrates, 27 PCs, which were predominately not pathogen-reduced, 12 fresh frozen plasma (FFP) units and 16 units of plasma for fractionation (FPI). A look-back procedure was initiated, but the response from the hospitals was unfortunately quite poor. A feedback was obtained from only 16 recipients of the 77 products. Most of the involved patients have died from their primary disease, and therefore no post-transfusion samples were available. Nevertheless, a 70-year-old patient who had received a non-pathogen reduced PC in 2008 could be identified. Following kidney transplantation, the patient was hospitalised in 2010 due to fever, cough, dyspnoea and increasing kidney failure. Shortly afterwards the patient died having suffered a cardiogenic shock and multi-organ failure. The autopsy revealed a generalised myocarditis with a distinct infiltration of T. cruzi. Many of the donors which were subsequently confirmed malaria-positive had also completed a post-donation questionnaire regarding their country of origin or regarding the countries they had visited during their travels. The origin of 154 of these donors was determined to be an endemic country: 143 from Africa (Cameroun (37), Ivory Coast (23), Togo (11), Congo (11), Nigeria, Benin, Kenya and others), 9 from Asia (Sri Lanka, India, Thailand and Vietnam) and 2 from South America (Brazil and Peru). Thus the vast majority of malaria-positive donors (150) originated from African and Asian countries, whereas only 4 donors had extensively travelled in malaria-endemic areas (1 in Malaysia, 1 in Tanzania, 2 unknown). For the remaining confirmed positive donors, their status could not be documented. Most of the donors originating from an endemic country recalled having symptoms of malaria in their childhood or youth without receiving adequate prophylaxis. But 25 donors who had never taken malaria prophylaxis as well as 5 donors who had received prophylaxis did not recall having any malaria symptoms. Only 4 donors remembered having malaria symptoms in spite of prophylaxis.
Discussion
Many tropical diseases, including CD and malaria, have become a major focus for the producers of blood components during the last 10-15 years, primarily due to increased population migrations and overseas recreational travel to regions at risk for tropical diseases. A major challenge in non-tropical disease-endemic countries is to decrease the number of donor deferrals due to CD or malaria without compromising the high level of blood safety. There are different envisaged approaches to circumvent this situation. Two commonly used strategies, permanent deferral and selective testing, rely mainly on the specific questionnaire to identify a donor at risk. In turn, the effectiveness of a questionnaire depends on the ability of donors to correctly answer risk questions.
Current deferral rates for at-risk behaviour suggest most donors acknowledge their risk; however, it is well documented that a few donors with transmissible infections do fail for one reason or another to declare their risk [42] [43] [44] [45] . Inaccurate information may be communicated intentionally or unintentionally either because they misunderstood the questions asked or because they were unaware or have forgotten certain risk behaviour [29] . The simplest approach taken by many countries is thus to identify and defer all potential donors at risk for CD and malaria. However, the loss of donors deferred due to a risk of CD or malaria is often quite significant, and thus only few countries can afford to lose so many donors.
Because Plasmodium spp. and T. cruzi are expected to be rare imported infections in Switzerland, it was assumed that antibodypositive donors would be most efficiently identified by questioning the donors and a subsequent selective serological testing approach. This policy is similar to that employed in other low-endemic countries, including Canada, UK and France [19] . The current EU directives 2004/33/CE specifies active CD as a blood donor exclusion criterion, but unfortunately does not recommend adequate measures to adopt for those donors exposed to CD but have not yet been screened. Enforced since January 2013, the Swiss health authorities prescribed a CD-selective testing approach for at-risk donors in order to release blood components. Only 0.63% and 0.41% of the donations originated from donors at-risk for CD and malaria respectively. Only very few donations subsequently confirmed positive: 3 CD-positive from 6,978 donations and 178 malaria-positive from 12,887 donations.
The prevalence of blood donors infected with CD in several European countries has been recently published and varies from 1: 161 in Spain to 1: 10,279 in France to 1: 12,862 in the UK [3, 18, 46] . The three confirmed positive cases from 6,978 donors (1: 2,326) which were identified in Switzerland lies within the same range but is too low to be statistically significant. Transfusion-transmitted CD has been often reported, and it has been documented that several different blood components can be involved [3, 4, 12] . The infective capacity of each type of labile blood component varies from 10 to 25%. PCs pose a greater risk than RBC concentrates, frozen plasma or cryoprecipitated products [4, [47] [48] [49] [50] [51] [52] [53] [54] [55] . From the 3 confirmed positive cases from Switzerland, 1 donor was a first-time donor, whereas the 2 others were repeat donors. The initiated lookback procedures for blood components of the 2 repeat donors revealed in 1 case a likely transmission of T. cruzi to a recipient. The look-back procedures were, as is often the case, not always successful. The limited feedback from the hospitals was probably caused by the large space of time since the implicated blood components were transfused. Many of the recipients had already died from their primary disease, and thus no post-transfusion sample was available. Only 20% of the requests were replied by the hospitals. The repeat donor responsible for the CD transmission had donated 54 times, and 77 components were produced. A 70-year-old patient who had received a non-pathogen reduced PC in 2008 was identified. Shortly afterwards the patient died having a cardiogenic shock and multi-organ failure, and the autopsy conducted revealed a generalised myocarditis with infiltration of T. cruzi [40, 41] .
Recent pathogen reduction technologies with amotosalen, in conjunction with UV illumination, can reduce the pathogens >5 log [56] [57] [58] . The mandatory Intercept ® pathogen procedure for apheresis and pooled PCs, which was introduced in Switzerland in July 2011, has resulted in a substantial increase of the safety of these components with respect to all pathogens including T. cruzi.
A high specificity of the EIA assays used is essential for a selective testing approach as this should ensure that eligible donors are not deferred due to false-reactive results. In a Canadian study, 59 of 81,616 tested donations were repeat reactive for T. cruzi antibodies, but only one of them was eventually confirmed positive [59] . A specificity of 99.93% was reported for the EIA used in this study which compares well with the 99.94% specificity of the assay used in Switzerland.
Between 2006 and 2013, on average of 21.5 malaria cases per million inhabitants were registered by the Swiss health authorities. In several European countries, Australia and Canada, a similar prevalence has been reported [19] . Since 2014, a significant increase was observed in Switzerland, with 38 and 53.5 per million inhabitants in 2014 and 2015 respectively, levels at the upper end observed in many other non-endemic countries. The increase was mainly observed in young adult males and to lesser extent females (15-29 years of age) and is most likely caused by the recent increased flow of young migrants from malaria-endemic countries. This increased incidence of malaria cases has not however been seen in the incidence of Plasmodium spp. antibodies in the blood donor population. This is probably due to the exclusion policy setup in Switzerland which does not allow immigrant individuals to donate blood.
Deferral policies of blood donors at risk of transmitting malaria segregate potential donors into two groups: individuals who were born and had lived for several years in malaria-endemic areas and those who were born and resided in non-endemic areas but who have visited an endemic area. The European guidelines for dealing with donors at risk for malaria specify using an immunologic or molecular assay test. If the assay is negative and at least 6 months have elapsed since the visit to an endemic area, the individuals are invited to donate. Many directives, including those from France and UK, allow donors which were deferred for >4 months to be retested. Those donors with negative results are released from deferral, while those still reactive are permanently deferred, thus preventing those small number of individuals which harbour persistent low-level parasitaemia from entering the donor pool.
In the UK, 35,000-45,000 blood donations are collected yearly by NHS Blood and Transplant from donors at risk for malaria, and about 20% of these donors declare residency as their risk [18] . This picture may vary in other non-endemic countries depending on the origin of immigrants and traveller pattern. Travellers, though numerically the largest group of donors at risk for malaria, present a much lower risk than those donors who were either born in or declare a previous residency in a malaria-endemic area. The majority of individuals with reactive screening results demonstrate a serological response to past resolved infection; a small number may still be infected with a persistent low-level parasitaemia. These donors are likely to be those categorised as 'semi-immune' individuals with high-titre antibody and persistent low-level parasitaemia. Such individuals often originate from endemic areas with particularly high levels of malaria infection where frequent exposure to malaria parasites occurs, leading to a dynamic balance between the infection and the immune response. Since the implementation of the selective testing approach for donors being at risk for malaria in Switzerland, 178 were found to be confirmed positive for Plasmodium spp. antibodies, with the vast majority of these donors originating from an endemic country. Only 4 donors were of European origin and had travelled in endemic areas. Though the greatest risk comes from semi-immune former residents of endemic areas, the greatest impact on sufficiency (donor loss) comes from low-risk short-term travelling donors. This scenario suggests that a selective testing approach is the most logical approach. France was the first country to implement selective testing in 1986 [32] . Other countries (UK, Australia, Denmark and others) successively introduced similar testing form 2001 onwards [35, 36, 60] . In Switzer- [19] . The last case reported in Switzerland was even further back in 1999 -also an individual from Africa with a travel history.
The percentage of potential donors screened for Plasmodium spp. antibodies (0.41%) is much lower than in other countries (USA 1.4%; 1.8% UK, 3.1% Canada, 6.0% France, 13.5% Australia) [19] . The repeat reactive rate was on the other hand higher in Switzerland (8%) than in other countries (1.8-5.47%) [19, 35] . This highlights the low specificity of the tests used (92.9% in Switzerland). This low specificity poses a problem as many initial reactive donations must be confirmed, and if not well managed otherwise eligible donors will be lost. Only 178 of the 1,163 initially reactive or grey-zone donations were confirmed positive. A certain proportion had still an indeterminate confirmation and these were deferred for further 3 years according to the Swiss guidelines.
The selective screening strategy for Plasmodium spp. antibodies implemented since 1999 is effective, and no TTM has been reported in Switzerland since the introduction. In Germany, donors travelling to regions at risk are temporarily deferred for 6 months after their return. According to the German guidelines, donors born or having lived permanently in at-risk regions for at least 6 months must be deferred after immigration for at least 4 years. After this temporary deferral, they are allowed to donate blood if they test negative for Plasmodium spp. antibodies. If no testing could be performed, these individuals are permanently deferred [61] . This approach, though successful, has surely caused the loss of otherwise eligible individuals from the donor pool.
Transfusion-transmitted CD and malaria infections have serious implications for the recipient, and their occurrence impacts definitively on public confidence. Selective testing for antibodies to these parasitic diseases seems to be a cost-efficient approach. It ensures safe blood components, does not burden the budget of the blood transfusion services and causes only a small loss of donors and blood components. The specificity of the assay still needs to be addressed. Whereas the T. cruzi EIA has a very high specificity, it is essential that the specificity of the current Plasmodium spp. EIA is increased. Apart from ensuring a minimal loss of false-reactive donors, it will lead to an easier counselling of the implicated donors. In conclusion, the questionnaire and selected testing for T. cruzi and Plasmodium spp. in conjunction with other measures, such as leucocyte reduction and pathogen reduction technologies, will prevent future transfusion-transmitted CD and malaria infections in non-endemic countries.
